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FABRICATION THEREOF 

(57) Abstract 

PROBLEM TO BE SOLVED: To 
enhance nonvolatility of data of a 
semiconductor circuit device 
comprising a nonvolatile memory of 
two layer gate structure MISFET by 
composing an insulation film 
required for providing a control gate 
on a floating gate of a ferroelectric 
film. 

SOLUTION: A memory cell 4 
basically having a two layer gate 
structure of a MOSFET comprises a 
pair of semiconductor regions 4da, 
4db, a tunnel insulation film 4Tt, a 
floating gate 4fg, an interlay er film 
4Li, and a control gate 4cg. The 
interlayer film 4Li on the floating 
gate 4fg is composed of a 
ferroelectric material, e.g. zirconium 
titanate lead. Hot carriers implanted 
into the floating gate 4fg are held 
through spontaneous polarization 
occurring in the interlayer film 4Li 
and the state of field is stabilized 
between the floating gate 4fg and 
the control gate 4cg. According to 
the structure, nonvolatility of the 
memory cell 4 can be enhanced. 
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Partial English Translation of 
LAID OPEN unexamined 
JAPANESE PATENT APPLICATION 
Publication No. 11-054636 

[0021] to [0034] 

[0021] First, there will be hereinafter described with reference to Figure 1 
in section the structure of a memory element region and a peripheral 
circuit region of a flash memory (EEPROM), which is a semiconductor 
integrated circuit device according to the present embodiment. 
[0022] A semiconductor substrate 1 is made of, for example, p-type silicon 
(Si) monocrystal, and a p-well lp and an n-well In are selectively formed 
in the upper layer portion thereof. 

[0023] The p-well lp is formed in a memory element region M and an 
n-channel MOS ■ FET (Metal Oxide Semiconductor Field Effect 
Transistor: hereinafter referred to as n-MOS) region N in a peripheral 
circuit region in the upper layer portion of the semiconductor substrate 1 . 
The p-well lp contains, for example, boron which serves as a p-type 
impurity. 

[0024] On the other hand, the n-well In is formed in a p-channel MOS- 
FET (Metal Oxide Semiconductor Field Effect Transistor: hereinafter 
referred to as p-MOS) region P in the peripheral circuit region in the upper 
layer portion of the semiconductor substrate 1. The n-well In contains, 
for example, phosphorous or the like which serves as an n-type impurity. 
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[0025] A field insulating film 2 is selectively formed in an isolation region 
in this upper layer portion of the semiconductor substrate 1 and is made of, 
for example, silicon dioxide (SiC>2). 

[0026] Channel stopper regions 3 are respectively formed below the field 
insulating films 2 in the memory element region M and the n-MOS region 
N. The channel stopper regions 3 contain, for example, boron or the like 
which serves as a p-type impurity. 

[0027] A memory cell 4, an n-MOS 5 and a p-MOS 6 are respectively 
formed in the memory element region M, the n-MOS region N and the 
p-MOS region P which are surrounded by the field insulating film 2. 
[0028] The memory cell 4, which utilizes an MOS ■ FET having a 
two-layered gate structure, includes a pair of semiconductor regions 4da 
and 4db, a tunneling insulating film 4Ti, a floating gate 4fg, an interlayer 
4Li and a control gate 4cg. 

[0029] The semiconductor regions 4da and 4db in which a source and a 
drain are respectively formed, are formed separately from each other in the 
upper portion of the semiconductor substrate 1. The channel region of 
the memory cell 4 is formed between the semiconductor regions 4da and 
4db. 

[0030] The semiconductor region 4da includes a semiconductor region 
4dal and a semiconductor region 4da2 formed in an upper layer thereof. 
The semiconductor region 4dal contains, for example, boron or the like 
which serves as a p-type impurity. The semiconductor region 4da2 
contains, for example, arsenic (As) or the like which serves as an n-type 
impurity. 
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[0031] The semiconductor region 4db includes a semiconductor region 
4dbl and a semiconductor region 4db2 formed in an upper layer thereof. 
The semiconductor region 4dbl contains, for example, phosphorus or the 
like which serves as an n-type impurity. The semiconductor region 4db2 
contains, for example, As or the like which serves as an n-type impurity. 
[0032] The tunneling insulating film 4Ti is made of, for example, SiC>2 
and is formed on the semiconductor substrate 1 . The floating gate 4fg is 
formed on the tunneling insulating film 4Ti. 

[0033] The floating gate 4fg is made of, for example, polysilicon having a 
low resistance. The interlayer 4 Li is formed on the floating gate 4fg 
through a barrier film made of, for example, platinum (Pt) or the like. 
[0034] In the present embodiment, this interlayer 4Li is made of a 
ferroelectric material such as lead zirconium titanium oxide (PbZeTiOa; 
hereinafter referred to as PZT) and the like. Accordingly, the following 
effects can be obtained. 

[0039] to [0057] 

[0039] Suppose a capacitance between the floating gate 4fg and the 
semiconductor substrate 1 is represented by C 1 , a capacitance between the 
floating gate 4fg and the control gate 4cg is represented by C2, the 
potential of the control gate 4cg is represented by VCG and the potential 
of the semiconductor substrate 1 is 0V, the potential VFG of the floating 
gate 4fg can be expressed as (C2/(C1 + C2))XVCG. Consequently, as 
the capacitance C2 between the floating gate 4fg and the control gate 4cg 
becomes larger, the memory cell 4 becomes operable at the smaller 
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potential VCG of the control gate. 

[0040] The barrier film located below the interlayer 4Li serves to make the 
interlayer 4Li have the perovskite crystal structure, more specifically, to 
provide ferroelectricity to the interlayer 4Li. 

[0041] The control gate 4cg is provided on the interlayer 4Li through a 
barrier film made of, for example, Pt or the like. This barrier film serves, 
as well as the barrier film located below the interlayer 4Li, to ensure the 
ferroelectricity of the interlayer 4Li. 

[0042] The control gate 4cg composes a part of a word line, and is formed 
by depositing a silicide film such as tungsten silicide (WSi2) or 
molybdenum silicide (MoSi2) or the like on the polysilicon having a low 
resistance. 

[0043] A cap insulating film 7 made of, for example, SiC>2 or the like is 
formed on the control gate 4c in order to prevent separation of the silicide 
film. Further, a side wall 8 made of, for example, SiC>2 is formed on the 
side face of such the two-layered gate electrode. 

[0044] The above n-MOS 5 includes a pair of semiconductor regions 5d 
and 5d formed separately from each other in the upper portion of the 
p-well region lp, a gate insulating film 5i formed on the semiconductor 
substrate 1 and a gate electrode 5g formed thereon. The channel region 
of the n-MOS 5 is formed between the pair of semiconductor regions 5d 
and 5d. 

[0045] The pair of the semiconductor regions 5d and 5d, in which source 
and drain regions of the n-MOS 5 are respectively formed each includes a 
semiconductor region 5dl arranged on the channel region side and a 
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semiconductor region 5d2 arranged outside the channel region so as to 
restrain the hot carrier effect. 

[0046] Both of the semiconductor regions 5dl and 5d2 contain, for 
example, phosphorus or As which serves as an n-type impurity. 
Wherein, the concentration of the impurity of the semiconductor region 
5dl on the channel region side is relatively low and the concentration of 
the semiconductor region 5d2 outside the channel region is relatively high. 
[0047] The gate insulating film 5i is made of, for example, SiC>2. The 
gate electrode 5g is formed by laminating, for example, WSi2 or MoSi2 on 
the polysilicon having a low resistance. The cap insulating film 7 made 
of, for example, Si0 2 or the like is formed on the upper face of the gate 
electrode 5g, and the sidewall 8 made of, for example, SiC>2 or the like is 
formed on the side face of the gate electrode 5g. 

[0048] On the other hand, the above p-MOS 6 includes a pair of 
semiconductor regions 6d and 6d formed separately from each other in the 
upper portion of the n-well In, a gate insulating film 6i formed on the 
semiconductor substrate 1 and a gate electrode 6g formed thereon. The 
channel region of the p-MOS 6 is formed between the pair of the 
semiconductor regions 6d and 6d. 

[0049] The pair of the semiconductor regions 6d and 6d, in which the 
source and drain regions of the p-MOS 6 are respectively formed, each 
includes a semiconductor region 6dl arranged on the channel region side 
and a semiconductor region 6d2 arranged outside the channel region so as 
to restrain the hot carrier effect. 

[0050] Both of the semiconductor regions 6dl and 6d2 contain, for 
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example, boron which serves as a p-type impurity. Wherein, the 
impurity concentration of the semiconductor region 6dl on the channel 
region side is relatively low and the concentration of the semiconductor 
region 6d2 outside the channel region is relatively high. 
[0051] The gate insulating film 6i is made of, for example, SiC>2. Further, 
the gate electrode 6g is formed by laminating, for example, WSi2 or MoSi2 
on the polysilicon having a low resistance. Moreover, the cap insulating 
film 7 made of, for example, SiC>2 or the like is formed on the upper face 
of the gate electrode 6g. The sidewall 8 made of, for example, SiC>2 or 
the like is formed on the side face of the gate electrode 6g. 
[0052] An interlevel dielectric film 9a made of, for example, SiC>2 is 
deposited on the semiconductor substrate 1 , with which the memory cell 4, 
the n-MOS 5 and the p-MOS 6 are covered. 

[0053] First layer interconnects lOal and 10a2 made of, for example, 
aluminium (Al)-Si-copper (Cu) alloy are formed on the upper face of the 
interlevel dielectric film 9a. 

[0054] One of the first layer interconnects, lOal, is electrically connected 
to each of the semiconductor regions 4da of the two memory cells 4 
through a contact hole 11a punched through the interlevel dielectric film 
9a. In other words, the first layer interconnect lOal electrically connects 
the semiconductor regions 4da and 4da of the two memory cells 4. 
[0055] On the other hand, the other first layer interconnect 10a2 is 
electrically connected to one 5d of the pair of semiconductor regions of 
the n-MOS 5 and one 6d of the pair of the semiconductor regions of the 
p-MOS 6 through the contact hole 11a punched through the interlevel 
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dielectric film 9a. In other words, the first layer interconnect 10a2 
electrically connects one 5d of the pair of the semiconductor regions of the 
n-MOS 5 and one 6d of the pair of the semiconductor layers of the p-MOS 
6. 

[0056] The first layer interconnects lOal and 10a2 are covered with the 
interlevel dielectric film 9b. The interlevel dielectric film 9b is made of, 
for example, SiC>2, and second layer interconnects lObl to 10b3 made of, 
for example, Al-Si-Cu alloy are formed thereon. One of the second layer 
interconnects, 10b3, is electrically connected to the first layer interconnect 
10a2 through a contact hole lib punched through the interlevel dielectric 
film 9b. 

[0057] The second layer interconnects lObl to 10b3 are covered with 
surface protection films 9cl and 9c2 made of, for example, SiC>2. Further, 
there is formed in a part of the surface protection films 9c 1 and 9c2 an 
opening through which a part of the second layer interconnects is exposed. 
The portion of the interconnects, which is exposed through this opening, 
forms a bonding pad part and is electrically connected to the inner lead of 
a package through a bonding wire. 

[0073] to [0089] 

[0073] Subsequently, after the pad film is removed by etching with the use 
of a solution of hydrogen fluoride or the like, the semiconductor substrate 
1 is subjected to wet oxidation treatment at, for example, 800 °C, so that a 
tunneling insulating film 4i made of, for example, SiC>2 or the like and 
having a thickness of approximately 9 nm is formed on the main face of 
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the semiconductor substrate 1, as shown in Figure 10. 
[0074] Next, a conductor film 16 made of polysilicon having a low 
resistance and doped with, for example, an n-type impurity, is deposited 
on the semiconductor substrate 1 by a CVD method or the like. The 
temperature for this CVD treatment is, for example, approximately 580 °C, 
and a gaseous mixture of monosilane (SiFL*) and phosphine (PH 3 ), for 
example, is used for the treatment. 

[0075] Additionally, a barrier film of, for example, Pt or the like is 
deposited on the conductor film 16 by a sputtering method or the like, and 
then, a ferroelectric material such as PZT or the like is deposited by the 
sputtering method or the like. Moreover, another barrier film of, for 
example, Pt or the like is deposited thereon by the sputtering method or 
the like. 

[0076] Subsequently, the conductor film 16, the barrier film, the 
ferroelectric film serving as the interlayer formed thereon and the barrier 
film formed thereon are subjected to a photolithography technique and a 
dry etching technique or the like to pattern the conductor film 16, the 
barrier film formed thereon, the insulating film 17 serving as the interlayer 
formed thereon and the barrier film formed thereon, as shown in Figure 1 1 
[0077] Thereafter, a photoresist pattern 13c which exposes the n-MOS 
region N and covers the other regions is formed on the semiconductor 
substrate 1 by the photolithography technique. 

[0078] Further, in order to set the threshold voltage of the n-MOS in the 
n-MOS region N, ion implantation or the like is performed to implant 
boron or the like which serves as a p-type impurity into the semiconductor 
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substrate 1 using the photoresist pattern 13c as a mask. 
[0079] Next, after the photoresist pattern 13c is removed, the 
semiconductor substrate 1 is subjected to thermal oxidation treatment, 
whereby the gate insulating films 5i and 6i made of, for example, SiC>2 or 
the like, are respectively formed in the n-MOS region 5 and the p-MOS 
region 6 on the semiconductor substrate 1, as shown in Figure 12. 
[0080] Thereafter, there is deposited on the semiconductor substrate 1 by a 
CVD method or the like a conductor film formed by depositing 
sequentially polysilicon having a low resistance and WSi2 or MoSi2 or the 
like. Moreover, an insulating film made of, for example, SiC>2 or the like 
is deposited thereon by a CVD method. 

[0081] Furthermore, the conductor film and the insulating film on the 
semiconductor substrate 1 are patterned by a photolithography technique, 
a dry etching technique or the like. 

[0082] With the patterned one, the tunneling insulating film 4i, the floating 
gate 4fg, the interlayer 4Li, the control gate 4cg and the cap insulating 
film 7 are patterned and formed in the memory element region M while 
the gate insulating films 5i, 6i, the gate electrodes 5g and 6g are patterned 
and formed simultaneously in the n-MOS region N and the p-MOS region 
P, respectively. 

[0083] Subsequently, a predetermined impurity is introduced into the 
semiconductor substrate 1 by an ordinary ion implantation or the like, 
whereby the semiconductor regions 4da and 4db are formed in the 
memory element region M, as shown in Figure 13. 

[0084] Subsequently, as shown in Figure 14, a photoresist pattern 13d 
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which exposes the h-MOS region N and covers the other regions thereon 
is formed on the semiconductor substrate 1 by a photolithography 
technique. 

[0085] Subsequently, ion implantation or the like is performed to introduce, 
for example, phosphorous which serves as a p-type impurity into the 
n-MOS region N of the semiconductor substrate 1 using the photoresist 
pattern 13d and the gate electrode 5g as a mask. 

[0086] Next, after the photoresist pattern 13d is removed, a photoresist 
pattern 13e which exposes the p-MOS region P and covers the other 
regions thereon is formed on the semiconductor substrate 1 by a 
photolithography technique. 

[0087] Thereafter, ion implantation or the like is performed to introduce, 
for example, boron or the like which serves as a p-type impurity into the 
p-MOS region P of the semiconductor substrate 1, using the photoresist 
pattern 13e and a gate electrode 6g as a mask. 

[0088] Further, an insulating film made of, for example, Si0 2 or the like is 
deposited on the semiconductor substrate 1 by a CVD method or the like 
after the photoresist pattern 13e is removed, and then, is etched back, 
whereby the sidewalls 8 are formed on the respective side faces of the 
two-layered gate electrode in the memory element region M, and the gate 
electrodes 5g and 6g in the peripheral circuit region, as shown in Figure 
16. 

[0089] Subsequently, the semiconductor substrate 1 is subjected to thermal 
oxidation treatment, whereby the semiconductor regions 5dl and 6dl 
lightly doped with impurities are respectively formed in the n-MOS region 
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N and the p-MOS region R 
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GiaEt-rtas-e#«. utasox, nmv—Y4 f g 

4fe$?y— h 4 c girorawfic 2#*#it*tfi:*:£ 
4coid^s-5rigtft5. 

[0 0 4 0] Jf KU&4 L i <DTm<0'<!) 7RI1 

4L irottftBB6a^o^*>f M**WiftiftaJ:5 

Smf&4 L i aqttmttt&ftoJ: 5 lei- 
's fc*?5)8X£>-5o 

[0 0 4 1] r©J:5*IIi4 L i_hlci4, WifiP 

tflf y TKtr^LTWWy- h 4 c giS»lt 

WxXl^S. :©^!i7Et, ±BL>kJiWK4L i© 
TJBw<yTBtilSltit, JUQ0E4 L i Otttttttt&lfcft 

-f--3fc£>W|gXfc-5. 50 
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[0 0 4 2] fSH4py-h4 c gli, 17- K*fc©-»S:« 
A LX*3 9 , Wili flgt&tttf y •> y 3 V±tC ?>tfxr 

^isy-V-sf K (WS i 2 )*fei4*y^>^y ^ 

(Mo s i 2 )^«t pftv-y u-w KBa j *HU*nx«Wc 

^FiftXIOSo 

[004 3] ft*5, fliffly- h 4 c ±|C|4, S^y K 
*0>*]Jt«:B&ll:i-«fc», Wilis i 0 2 «ftfl»fcft** 
^j/TTKawrasjBjS^xv^. -kin. z<D£ot£2 
m?— hWBOflJiEiai, Wilis i 0 2 d^ft-SlM 

K !7 * — A- 8 ^ nX V * «„ 

[0 0 4 4] -hfELfcnMOS 511, p £;tvH p <Z>-k 
»^VMCtJOTLX^**Ufc-^^<*«K5 d, 

5 dfc, ^fl^l±fc»l*$ftfcy-M8llBl5 i 

ks *V>±.\zffi$L£ftk->f— bmm5 g 4Sr^LXV> 
-So ft*5, — A9«> jNMMHtt 5 d , 5 d roUBJc n MO S 

[0 0 4 5] C <D—M<D¥mWim$i 5 d , 5 d 14, nM 
O S 5 (7) V — X - K W ^W$.^f&-ti>1tt><Dm^X 

*ifc#i(WWWE 5 d 2 b LXv ^ -So 

[004 6] ^#1W$5 d 1, 5 d2 #|C, 0iJx. 

lin«^K*oy>'**:liA8a^*"**lXV^«^ f- 

ssiMs<, ft-w<o*m#mMi 5 d 2 <o^4i#nic7 

tCMUEtfaK ft -5 J: 5 ^c^^^^xv^5 0 
[004 7] y— Kffii^5 i 14, Wilis i O z 

4 a. y— h^®5 gi4, Wxiifiig^y v-y = v± 

i:ws i 2 *7tl4MoS i 2 &&&-Mtet>tiX : &l8.£ft> 
XV^ao ft*3, y— hmM5 g<75±®fc:i4, WiliS i 
O z &frht£Z*\y-rtmm7iWf&Zi\X^Z> 0 a 
it. g (Ofifli5ici4, Wilis i0 2 

ft-5f--Y K«7*— ^8iSJR(**4xXV^S. 
[0048] — *\ ±IEL^i pMO S 6 14, n fx-fr 1 

6 d , 6 d 4, ^f<$:£« 1 ±K38»*5;h,fcy— 

^6 i 4, *©±fc3Bi**iT»*:4^— h«B6 gi*r*L 
XV>a o ft*3, — >ttcO^<*^6 d, 6droKtCpM 
O S 6 (O^-^r^yi^^J^^tt-So 
[0 0 4 9] ZCO—M<D¥m.#m%i6 d, 6dl4, pM 
O S ecoy—* • KW >fei&$:l&f&1-Z1t!t>(om$iX' 

«iaaa**ifc*is«fl=iW6 di 4, j&o^hmicsb^ 

n^^(*®^6d2 4Sr^LXV>ao 

[0050] ¥&#m&6 d 1, 6 d2 t-14, *|C, Wi 
lipJ^P^W*!>^ s -& : fi"^nXl/ , '-5^, ?-r*/HR 

«{Riro^^«c 6 d i <D*imtttoiz*msmmm 

#ii5< ft 4 «t 5 t»**<iTV^5. 
[005 1] y— h$6^6 i 14, WitiS i 0 2 *»t> 



7 

&-5o ?-h&m6g\t. Mx.t£&ffiji#V ->y 

a^llCWS i 2 SfcliMo S i 2 iSfiS^ftte'bftX^ 

^g$nTv^5. y — 6 g <D±miax wl 

tfS io 2 m*htt&** r7ttaBk7 #ffi&2tiX^ 

•5c y— h®S6 g cofiffijcii, 0!lx.ffS i o 2 

[005 2] c co£ 5 i ±icii x ei&tf s 

\zXoX, iEL^tytyM. nMOSS^tfp 

mos 6i^a$n-cv>a a io 

10 0 5 31 ^ <DmW&33M 9 a OiiCli, 03x.tfT 
(Al) -Si-ffl (Cu) -g-^A^TfcS^ 
IfflEMl 0 a 1, 1 0 a 2 #JgJ5fc£*l/tVSo 
[0054] r.CD5*>CDlocD^lJfE#|l 0 al 12, 
/§ffl«&gaBl9 a lC#*?L*nfcS8IHLl 1 a fcilCX, 2 
o<73>*i;-fe^4ro#A<^i|£af^®®4 d a tattle 
^£^ixTV>So -tT!ct>t>, &lJfS3&ll0al 2 
oCD;rf*yir/l'4CD=&-*CDi£aMfc^44 d a, 4dafffl 
tttftfti dgSgg LTV 

[0 0 5 5] iiOlliSEiil 0 a2 tt, ^ffliffe 20 

JM*9alc»?L4ttfcaaBHfLl 1 atraCT, nMOS 

sfc^pMose^o-^w^^sttsd, 6 

d i nmsfiAz-ifem tstix^o t> » fu Jigan 1 

0a2tt, nMO S 5 i p MO S 6 i ©#* 

d, 6 dlWSrWWftlcaBKLTV*. 
[0 0 5 6] r<Oip^lSiB«ai 0 a 1, 1 0 a2 »£ 

bit #Jx.ffS i0 2 -?-co_kffii£li, 0d*Ji 

A 1 -S i -Cu^&a^fc-S^SEi&jtl 0 bl ~1 

0 b3 im&z tix^&o z<o?-t,<7>i^><Dm2m&M 30 

1 0 b3 fit S(B$fegaai9 bi£#?L£*l7t85gfiFLl 1 b 
Srii CXm 1 SEHl 0 a 2 iWtt&fcSajtSilVC^ 

So 

[0057] rcD£5#^2/iia8ll 0 bl ~1 0 b3 
te, *®f%SIM9 cl, 9 c2 K£oX»8l £*LTV">*>. 
*ffi«S^9 c 1, 9 c2 14, S i O z tjH>btt 

So fc*5, r CD £ 5 9 c 1, 9 c 2 CD— SHd 

is, us 2 ^Ba^<D-SBissai-r * £ 5 &n n a&p&jA 4 
mcx'<y*—i?a<{>i—y— KiwattfcaEfct^n 

[0058] 5fclc, #^<^fliOT^ft3l«[El8g:£g 

[0 0 5 9] *i\ x— *CDS#ii3HcggLXJ4, 
y-te/P4co KK>fffiDSJ:t;y- hS^GfciSSffi: 

£r3Uirr<&r£:£J:9, Saw— h4 f gfc*y 

y TSr£EA-t-5c :©S^> ftijffliy— h4cg 

- h 4 f g &£>mroJ||HMg4 L i lCg«$Mf#£C, $0 

'Mtf— M c gfrbfrtz* ; EiJir/i'4C0L#v , '®E^± 50 
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#0 (*) i/iottffl^W. 

[0 0 6 0] — x— *<D*B*lcB£LXf4, y— 
SStriOTfit. y— h«ttGS:OVi:LTJ*aiy— h4 

f gcofry y*cvv t*v— ^tajEictkas-fta. -co 

JiHSH4 L i 0#W£JlEU SffCDx-^CDift* 

*j <t sis ^ tilt?— 9 <Dm # a*a*fir foJ-tft r t J- * 
a. rrx-^i:fc^t^isy-h4 f grtn*y 

[006 1] 5Sk{c, *ia£cDia£ i ro^fl&MlElKHK 

[006 2] 03 ittmM(Dmi& 1 ro^fttUHingK 

ecossii^xgf (c*jit5^«i:&R i cosiiwrffiiaxfc 
•So ¥*tts«ii4, «*.tfp»©s 

9, 3:0£B±|ci4, WittfS i 0 2 K 
Hi 2 2M$^b^ic£oX^&£;fxXV^o 
[006 3] *tT, w©J:5 l Jite, «*. 
tf^bv-y=V (S i 3 Nj^&^SilfilMlirCVD 
SrtRcJ:-DT*tlBlUfc*, ^(Di^SaS[S:ia4lc^i-«t5 
\Z7± M^-^l 3 atr-v^^ t LX Kv-f 

31 y + V i/jEfe^ \z £ o X^ ^ ^ ^t" -5 i h K £ •? , 
^fr£t5 1 co p MO S^P^coffi^ciiH^^^ 
^Btl 4Sr^^T5 0 

[0 0 6 4] jggt^X, ¥8|fleSSlK:»-LT, 7thi^ 
v?^ h/^— V'l 3 a*3£aW^<fc;"^^^fl^l 4 Sr-^^ 
^iLT, W^tfnJWRWfcroy^-f^^^E^S^lc 
£oXiT*>jitfo 

[0065] ^rco^, *m#gm i tcist Ltiwfcfta*: 

3S-rci:tc£0, m 5 \Z7frf- X 0 \^ pMOSi^P 
ic, MlfSi 0 2 #a*fett£J|b*&IHRl 5Sr^-f 

[006 6] JJcV^X, iH^Yt+tv^^H 1 4 Sr^ y V^S 
*Jc£oTlfe*Lfc!l, 12 6 iC7j*-r £ 5 lc. ^^Stg 

^{C£oXfi"*>jitfo 
I 0 0 6 7 ] jf^X, ^ffc&ffi 1 fwJJt LXlK^aSrJfi 

-rrt{c£9, ®7(c^r£5^ i co±^ 

MiZ p 1 p *5£t/n 1 n Sr?^fiW5o 

[0 0 6 8] ^CD&, 1 coy * y Jf?ttttM 

/u^ h y^^^figfflcop^FijaE^co* t?W%&:<<*> 
aAS^Jc £ oX3|Ai-£c 
[006 9] *V«-C. 1 izM Una ^®S{b 

i<n±&<D%mffl®.\z^ •pijx.tfs iO z »3a»e>**7-f 

— ^ KmtR 2 *JB*fa. rcogg, y*y?!i 

■?^KM*J £ V n MO S {C*5lt — yU 
Bl2coTSfc^^^/^ h y<m$.Z 

[0070] m*x* *m#m& 1 \zn ut, 

3- 3/ h^ft:*asS:JSi-c it±9. 1 co±® 
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jbtc. mtf s i o 2 M»*ja*f *. 

[0 0 7 1] H9lc*t-J:5^ ^#&Ki 

10 0 7 2] Sfcvve, y*y-feyKOL#V>«BESrK^1- 10 
£fc<6i.r, 7* h h>-^-V 1 3 b 1: L 

T^frSS 1 |c, tfJxtf p JBSFttflfctO* ££i £±|5L 

[0 0 7 31 m^X* ->*y K^7^b^^7K^{c«fc5 
lc, ^&gl£ 1 i:»LT, 0iJx.fi 8 0 0 tcEMf* 
Jb£, WtliS^ 9nmgf©S i 0 2 

[0 0 7 4] *©lt, 1 -kfc, 0!lx.tfn^ 20 

3»n:»3rt<58!«iH£W:, 0!lx.tf 5 8 0 < Cg£-efc9, to 

Sjtf-Xtt, 09x.r*e> is =7 is (S iH 4 )t*^7^>' 

[0075] &.^x\ mt*mi 6 ±ic wz.tz p t 

mtfPZTt?ro£5#^m{fcW£*'- ? s'*y 

p t§©±5^!)7i^y^ y y^ictot 30 

[0 0 7 6] MV^ r^ff^l 6, ^D7I, 

^■•y^^m^^M-t^ticX'O. 01 llc*t«t5 
lc, $Wgl6, ^<elBc^ y T8g, ^co_hJc:p^^ffl 
ottflHKi 7:0 J:iPta>-hte'<y 7K^^-vffigt 

■So 

[0077] *rO&, 1 .hlC, nMOSflW 

•fco-ofcfiS-ra. 

[0 0 7 8] fcl^T?, nMOS®^NJC*3Jt5nMOS 
V 1 3 c * i LT, ^mW-Wk 1 fCfcfLT, fclx. 

tf p mmhto* ****** ^^ass^i- ± o-c*r*> 

[0 0 7 9] jjE^T, 7i- h Uv 5 * >1 3cJ 
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pMOS««6JC*Jlt**3ttt««l±^ 0ilx.fi S i 
0 2 ^*5y-hS6iK5 i, 6 i fcJB**-*. 
[0080] 1 0Hx.fi{KSl7i 

iKy is I) a^it/WS i 2 ^fciiMo S i 2 ^SrJll^ 

ibJc, *0>±fc, 0i|x.liS i O z ^bft^lfinRtrC 

[008 1] ftvvr** 7* by y?57 jms&XVF 

[0 0 8 2] i*uc*9, **]}jl=H6ttMte»^X 

it, v>*>v@mm4 i, ??aiy~h4 f g , mmm4 

— >iK*U nMOS«^:fcJ;t/pMQS«WPlC*3 
l^Tfi, y- ^$fegUg5 i, 6i*5±tfy-Hi5 
g, 6 g Sri^l^^-^^tS. 
[0 0 8 3] m^X. ii^-f^-vaA^cioT^ 

1 \zMLXlffeoyFmbt:9&>-1r& 

%4da, 4 d b 4«^t5. 
[0084] B 1 4 iZTrrtX 5 

«*iHWi**taJ:5*7* hv-^M^-^l 3d 

& 7 * h y y ^9 7 -f &$l¥ic «t ctii&t «o 

[0 08 5] ;©7th^ h^-^13 

d *5 it/y- hSi5 g $:v^ ^ i Lt, AMOSii 

[0 0 8 6] jgcV>T, 7* b'*-?— ^1 3 dSr 

K** Lfc^, 015 Jc^-T«t 5 1 -hi'. 

hW"^ h^^— >-l 3 e *yir Y 

[008 7] -?r£Dtg, r h l/-^ h^^^— ^ 1 3 

po^ftSffiictLt, ^x.tf vi&fmton-frtm 

[0 0 8 8] ftV-e, 7t h Wi?* ^1 3 eSr 

8fe*L^, ^frSffil±ic, 0tJx.tfS i0 2 
*5$6i&flSS:CVDjEfc^^J:oTii8rU ^cO^Jgt^S: 
i»^<'/^t5: t{d«fc»), B 1 6 tC^rT J; 5 (c, y 
* y 3i^HR$M<£> 2®y— hmSfeJ:tfjq3SSBSfftt«> 
y— h^®5 g, 6 g (T^fflOSIClf-'f Vty*—J\'S&f&l$. 

[ 0 0 8 9 ] jggWC, 1 ic*t LTfiwaa^Jfi 

■rritcj;?), nMOS^NjSit^pMOS^P 
JC, ^tt^^^^SSw^^* 5 d 1, 6 dl *■ 

[0090] B 1 7 Jc^rTJ; 5 (c, 
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ffl$L&Wm£frZ>£ote7* b\si?x Y'<<5>—y\ 3 f 

[00911 ^^-e, z<oy*yi'is*h<><9—>\z 

f &J:XfV— hmms g&TX* £ LT\ nMOSii 

100921 mv^c. m 1 8 {c^-r«t 5 \^ *m&m& 

[0 0 9 31 Z<D7* h'**— >1 3 

[0 0 94] ikv^ 7thl/^ h^-^13g& 
fi**L?i^ ^£3f#g« 1 LT^aS^Jg-r r £ ic 
«tt), 0 1 9 iC^i-«t ? Jd, nMOSiiSNfeit^pM 
o s mm P fc, ^:^tHS5^M!fe»Sro^«i«« 5 d 
2, 6 d2 t^fi£i-5o rtUcJ;^ 1 -hi- n 

MOS 5*5«tt^pMOS 6Sr^fig-T5 0 20 

[ 0 0 9 5 1 m^T. 1 0!lx.ti S i O 

2 ^fe/«CS®raite^9 a SrCVD^iot^ 
Lfc^ *0>Jira$6iaSl9 a om£&gfC^#iiyf£4 
da, 4db, 5d, 6 d t^tiii'^) <t 5 &$8g£?L 1 1 

[00961 ^^>SW$6igaK9 a ±(C, 0iJx.fi 

A 1 -S i -Cu^&a>fc#3Sft»*-'V*y 
S#fcJ:o-CiM*Lfcfi, ^ro^«^«r7* hi) Vif=7 
7 jm^&Xj-V74^y^?%ffi&\z.£.<>X'<*— 30 
=^>'^'f'5ri:lcJ;>J, filial 0 a 1, 1 0 a2 

[00971 020 lZ7jk-f£ p Jd, ®Pfl$feSilB[ 

9 a±IC N 0&tfS i 02 4&&>&ft4J||H)lfittR9 b£r 

CVDffilKcioT^LVh^ *roJiraite^9 bco 
J?r5£ttBtcSg 1 jf 1 0 a 2 ro-gPi^ffl-r* «fc 0 

&m?li i b^7^- tv yif^y-iW^i.v-Y'y^^- 

*> f- v ^8fi5S£ fc «fc o t ^7Li"5 . 

[0 0 9 81 )ggV>-C, ^^^^1^9 b±IC, 0iJx.fi 
A 1 - S i -Cu^&^ibftS^f^&^V^y >^ 40 

-V^-T-Sr >3, m2mjSMl Obi ~1 0 b3 

[0 0 9 91 -^©^ igilc^LTtiplc:, JH^SfeSagl 
9 b±f£, 0flx_fiS i O z «f)6»S>4a*B5«WR9 c 1, 
9 c2 £rT^4>McCVDj£^»c£oTi£»Lfc&, 

[0100] ~ <Di. 5 *#fQ6«>JBIifc: .fctui* «T« 50 
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r £ is-sifg £ 4 -5 = 

[0 101] (1). ^yyv-a-y^y (E E P ROM) £ 
p< * y ■feA' 4 <£>/ira§l4 L i trBdRStttt't'll! 

f&Ltz^b\zX<0. m&f-VA f gbffl®?-h4 c 

g i©IB©mil^)*MBSr*»b**a - ii 5 T-f5ro 
T\ **y-fe/U4(0^3gtt£r|S]±$-fr5.r £3"5n!g£ 
& -So 

[0 102] (2). 77r>a^D (E E P ROM) & 

y— h 4 f g ifS!^— Meg fc©nil«v<i^^u— 
[0 103] (3). (E E PROM) & 

fltefc-f 5p<*y-ir^4ro®ra^4 l i &3m&tt&x~m 

^LfcrtJcit), y^y-feyu4<7>^3$^— h4 f gi 

h 4 c g £ ro£#2g££*t*£-£.5 r i: 
So L^ 0 -c, S^y— h 4 f g kfflffl?— b 4 c g 

[0 104] (4)._h^(3) }C,t>3, >*y-feyU4ro 
5<7)t?, p< ; ey-tryi'4(Ofifflf4$:[B)±$-fr-5w£^ - 5rtg 
[0 10 5] (5).±G(3) JCfcU, ^iaiHlKiC^iD$4x 

<5mEEt:Tff-5r£^T't-5ro-c ! > j%mm&<Dmm& 

[0 10 6] (6).±EUfc(l) . (2) , (4) *3,tU5(5) 
{C«t"9. 77^v/a^!l (EE PROM) ^<7>ft^ 

[0 10 7] £U:^ *5IW#J-«to-C7S$iX^WSrll 

[0108] 0iix.ffBtiisi©i<7)?g)ii{c*5v^Tti, *^y 

■feyKOJiWBt*: P Z T^ro <fc 5 /Ml^ti^L 

tt<tt*XJOTfig-?a>9« MM P b Z r0 3 > L i N 
b0 3 , B i 4 T i 3 Ol2^ BaMgF 4 , PLZT, 
BST ( (Ba, S r) T i O4), Yl ^ (S r B i 2 
(Nb, Ta) 2 0 9 )?S:ffl^wtfct?t5. r 
ixfero3SSia«*Hi^y^y V^&Wte, MOCVD 

v^T*tmi-5r£^-e^So 
[0109] sfn5ieifi<^^c*5i/^T^iey- h 

or, Ti, Ta, -ryv 5 *^ (i r) *fci±^fb-cy 

^17 A (I r C>2)%mffl8LUzmffiLXt i &\<\ 



(8) 

13 

[0 1 1 01 **ry-Z;\sCDl§mil&(D±T<D<><})7 

9, fflx.fi I r, I r0 2 * n^?A (Rh) » Stffcn 

v^A (RhOz), rtf-^^A (Os) , 

i» (Os0 2 K )\<=T=-V±- (Ru) , gtffcA'T 1 — 

(Ru0 2 )s (Re) , WXtM— t7J* (R e O 

3 K (Pd) , & (Au) 3?©«fc5ft3|{*ffi? 

[0 111] ffiESafiW^fctefei^Ttt, 

[0 112] £JLka>BWi-«i±t L-C«8W#»cJ:o-C 
v'a^eil (EE PROM) Lfc^-Jcol/ >Ttft 

OUSy-hMOS • FET*Sig0>EEPROM*fcl2 20 
S • FETifi©EPROM (Erasable Programmable 

[0 113] 

[0114] (i).*&w<v^ftm!m&$ifflz£ti 

ft a 2 Ji^— h «fcfi©M ISF5^? -tftlAS *V6 30 

ft So 

[0 115] (2).;4&Hro34«tt3tfIlSBmic£ft 

ft£ 2gy— h*£©M I S h 5 Vv>* tt£ 

tefctf-*-**HBKfcJ:9*il*Lfc£ifcJ:9, 

[0 116] (3). ^^ro^ft*ffilH]K^EJ-J:n 
tf , SAW— h ±JcJ6ia^$r^ Ltffl»y- h Sr»»tT 
ftS2/f^— httifiTOMI S h^VS^^fflDSSft* 
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h bum?- Zk»t*t 

®m*i*&*s< rtft<. imwsehst Sparta* 

^TtgiftS. 

[0 117] (4)._hl£(3) fc«fc9, *WBtt* * JJ -fcA' 

aw-e, ^#^tt^*y-fe/Kofg^<45r[Si±^-fra-i 
a^tgifts. 

[0 118] (5). ±12(3) lc«£9, JBffllEBKzWtnStt 
£«SJE&Ttf S r i -5 ©T\ JHtiZZlEltt£>fBKI&ir 
A± r t fr-sfm h ft So 

[0 119] (6)._hCLfc(l) . (2) , (4) *3«tl5(5) 

[Si] ^w©— io(so»iftTfc4^*WMiiswas 
na2]iai <D^m%^miS(»ftoft*Bm-rz>-it 

[03101 ©^{$^ffllHlK^B©S!iitXS^IC*5tt 
[04] 01©^#^^llE]^B©0 3(cj^<9!atX 

[05]0i (DimimmiBi^mm^m 4 tc^< susx 
[06i0i (Dimtmn^mm^m 5 i-^< Migx 
[07]0i co^<$m?s0S5^sro[i 6 icrr< satx 

[0 8 3 01 (O^«^lHliiSiSB©0 7 ICigK ffiiitX 

[09] 01 <vymmm\5i'&mmiom 8 sagx 

j^jst j- ^ SSe^f B0T*) So 

[0io]0i otmmmiBi&mmnm 9 sjjS 

iSf Jd3 It S ^WfB0 TfeSo 

[011101 ©^Si^^(l£]^B©0 1 0 KiSK at 
itxa^ K*lt -5 ggKSf® 0 -e* So 

[0 1 2 ] 01 <o¥43ft^i€[HS&!£B£>0 1 l & 
itXS4 J lc*5»t-5Sep»r50T-*>ao 

[013] 0 1 ©^{ttfeSnslttSRoH 1 2(^^<M 

itxe^>tc*5tt a saw® 0T-jfe So 
[014] 01 co^m-Pmm^^m:(om 1 3 icm< k 

jgXg^«c*5»t -5 S&BWB0 tr*> So 
[0 1 5 1 01 <o^^9(1eI^B©0 1 4 iCjgK Si 
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